There have been numerous studies utilizing mesenchymal stem cells to enhance tissue repair and decrease inflammatory damage in both in vitro lab studies and in vivo clinical models. It is known that BMC contains mesenchymal stem cells as well as a number of other cell types including but not limited to: hematopoietic stem cells, endothelial progenitor cells, and platelets. Studies have shown both the mesenchymal stem cell population and other nucleated cell types have healing properties and may contribute synergistically to the healing seen in studies on the spine [19, 20, 21, 22] . This is the first study to evaluate the clinical results of intradiscal BMC compared to lumbar fusion and nonoperative care for the treatment for discogenic low back pain.
Materials and Methods

Study Design
This paper compared a prospective IRB and a second non-IRB (2 studies) non-randomized consecutive series of patients injected with BMC (class two data) to a systematic review on the results of lumbar fusion (20 studies) and non-operative care (6 studies). The patients enrolled as subjects in all these studies presented clinically with symptomatic moderate to severe discogenic back pain. Abnormalities were present on lumbar MRI scanning and plain radiographs. These abnormalities include anterior and posterior osteophyte formation, disc space narrowing on plain radiographs, and nucleus pulposus desiccation on MRI scanning [23, 36] . In all the studies the pre-treatment disability (ODI) [24, 25, 26] had to be a minimum of 30mm/100mm and pre-treatment baseline axial back pain had to be at least 40mm/100mm on visual analog scale (VAS) 26 pain scores to meet inclusion criteria. All patients underwent a pre-treatment medical history and physical examination along with the ODI and VAS measurements. The ODI and VAS measurements were repeated at 24 months post injection of BMC, surgery, or non-operative care. The patients' primary physical complaint in the BMC study was one of axial central lumbar pain without leg pain. Standard exclusion criteria for the BMC and nonoperative studies included evidence of a symptomatic herniated disc. The Inclusion/exclusion requirements were similar in all the studies. The fusion studies accepted patients with a herniated disc and associated leg pain. Materials and methods for the BMC study: This has been previously published [9] .
Materials and Methods for the Fusion and Nonoperative studies:
Phillips et.al. published a systematic review of articles comparing fusion to non-operative care and fusion to fusion. This was accomplished by a search of the MEDLINE and Cochrane databases from 1950 through July of 2011 using the search terms outlined in Table 1 of their paper. They identified 6 prospective randomized controlled studies (class 1 data) comparing fusion to non-operative results of treating discogenic back pain. The follow-up ranged from 12 to 48 months. The 6 non-surgical studies standard non-operative care was physical therapy or structured rehabilitation including exercise programs and/or cognitive interventions. They identified 12 prospective randomized controlled trials (class 1 data) comparing fusion to fusion. The minimum follow-up on each surgical study was 24 months. They identified 2 prospective non-randomized studies (class 2 data) comparing fusion to fusion. Both with 24-month follow-up. Fusion techniques included a combination of PLF, PLIF, TLIF and ALIF. The data from each study was analyzed and placed into Table One. Microsoft Excel was utilized to compare the data between each group. Note, the averages in Table One are the means of the means from each study. Surgical complication rates could not be systematically summarized because of inconsistencies in reporting. Reoperation rate was evaluated as a somewhat more reliable measure of a negative outcome. The average patient in the two BMC studies improved 64.7% in ODI and 69% in VAS. The baseline ODI averaged 41.1 which improved to 14.8. The baseline VAS averaged 62.6 which improved to 19.7. The patients reported an overall satisfaction rate of 67% with the procedure and their clinical result. Only nine of the 172 BMC patients had surgery (5.2%).
Adverse Events in the BMC Studies
There were no serious adverse events related to the BMC study. Most patients experienced transient pain at the aspiration and injection sites that typically resolved within 48 hours (aspiration site) to 7 days (injection site) following the procedure. No patient reported increases in VAS or ODI upon follow-up examination from their preprocedure values.
BMC Analytical Data and Imaging
MRI imaging showed 8 out of 20 patients with imaging had at least a one grade improvement on the modified Pfirrmann grading scale for disc degeneration at one year [9] . No patient had a worse MRI score after one year. Patients with higher MSC concentration measured as CFU-F/ml tended to have better outcomes than those with lower concentrations. Clinical Results of the Surgery Patients: See Table 1 . Six studies were RCT's comparing fusion to no surgery. The 547 surgery patients had an average ODI of 46.9 which improved to 33 (29% change). They had an average VAS of 64.3 that improved to 41.5 (35.3% change). Twelve RCT studies compared surgery to surgery. The 1420 fusion patients had a pre-procedure ODI of 52.1 that improved to 27.4 (47.2% change). Their VAS went from 72.2 to 35.7 (43.3% change). The two prospective non-randomized studies comparing different fusion techniques had 302 patients. Their ODI went from 46.8 to 19.9 (57.5% change). Their VAS went from 68.2 to 20 (70.2% change). The weighted averages of all the studies showed a 37% improvement in ODI, a 47% improvement in VAS and an average 66% satisfaction Clinical Results of The Non-Operative Patients: See Table 1 . There were 372 non-operative patients in the six RCT's comparing fusion to no surgery. Their ODI went from 46.2 to 38 (17.5% change). Their VAS went from 58 to 47.4 (20% change). They reported a 55.6% overall satisfaction rate with their non-operative care. The number of non-operative patients that went on to surgery was only reported in two of the six papers (130/372 patients). Twenty four of the 130 patients had surgery (18.4%).
Discussion
This paper reviewed 22 published prospective studies comparing fusion, non-operative care and a BMC injection to treat discogenic low back pain. The BMC patients compared to the fusion and non-operative were slightly older (early 50's vs. early 40's). Follow-up in the BMC studies was slightly less (15 vs. 24 months). The number of levels treated was more in the BMC studies (3.4 vs. 1 to 2). The improvement in ODI in the 20 fusion studies from pre-treatment to follow-up averaged 36.7%, in the 6 non-surgical studies 17.5% and in the 2 BMC studies 64.7%. The improvement in VAS in the fusion studies was 47.1%, in the non-operative studies 20%, and in the BMC studies 69%. Overall satisfaction was 65.5% in the fusion studies, 55.6% in the non-operative studies and 67% in the BMC studies. The BMC studies had significantly better improvements in ODI and VAS vs. the surgical or non-operative studies. The overall cost was significantly less with the BMC treatment ($5,000) compared to fusion ($50,000 to $75,000). Only 9 of the 172 (5.2%) BMC patients had surgery vs. 24 of 130 (18.4%) non-operative patients. The cross over to surgery data was only reported in 2 of the 6 non-operative studies. The re-operation rate in the fusion studies was 11.7%. Lumbar fusion is a very accepted surgical technique for the following conditions: spinal instability as with spondylolisthesis, progressive spinal deformities, infections and trauma. The clinical results of fusion in patients with these diagnoses is quite high. Lumbar fusion to treat discogenic back pain remains controversial [37] . This is especially true when the patient has no instability or leg symptoms or has multiple levels of degenerated discs [35] . The long term non-operative care of discogenic back pain patients is expensive and has not been shown to have a high success rate for significant improvements in ODI and VAS [12, 13, 14, 15, 16, 17, 18, 27] . Opioids have been a mainstay of long term non-operative care. The results of this pharmacologic treatment have created a huge negative impact on patients and society [28, 29, 30, 31] . The interest in biologics to potentially bridge the gap between long term non-operative care and fusion surgery to treat discogenic back pain is increasing [9, 10, 11, 38] . Bone marrow concentrate is a source for mesenchymal stem cells. Mesenchymal stem cells have many positive attributes and have mounting evidence of safety and efficacy in human use [21, 22, 32, 35] . MSCs are antiinflammatory, secrete numerous growth factors, stimulate blood vessel formation, modulate your immune system and can differentiate into cartilage cells to potentially help heal damaged discs [18, 21, 33, 34] . Data supporting the use of mesenchymal stem cells to treat disc degeneration continues to increase. Limitations of the two BMC studies include: Lack of randomization, lack of long term follow-up MRI scans and the lack of cell data in one of the studies.
Conclusion
This paper was a review comparing the results of fusion (20 studies), non-operative care (6 studies) and an injection of bone marrow concentrate (2 studies) for the treatment of discogenic back pain. The results showed significantly better improvements in ODI and VAS in the BMC studies. The BMC treatment cost was significantly less than surgery. Only 5.2% of the BMC patients went on to surgery vs. 18.4% of the non-operative patients. The re-operation rate was 11.7% in the fusion patients. Based on these results it may be reasonable to consider a bone marrow concentrate injection before undergoing fusion or even long term non-operative care for the treatment of discogenic back pain.
